This case report describes a patient who experienced a recurrent ischemic stroke within 24 h. Dual-energy computed tomography (DECT) angiography on admission showed 2 intracardiac thrombi, 1 in the left ventricle and 1 in the left atrial appendage. Following the second ischemic event, repeated DECT angiography showed that the ventricular thrombus had considerably diminished, suggesting that the recurrent brain infarction was caused by cardioembolism. This case emphasizes (1) the potential benefit of cardiac evaluation through CT angiography in the acute stroke setting, and (2) the use of DECT angiography for the detection of thrombus and the differentiation between thrombus, the myocardial wall, and a slow flow of contrast.
Background
Patients with a recent ischemic stroke are at risk for recurrence [1] . In 20-30% of all cases, an ischemic stroke is caused by cardioembolism [2] . Dysfunction of the atria or ventricles of the heart may cause blood stasis, which may lead to the formation of a thrombus. To prevent subsequent cardioembolic arterial occlusion in the brain, treatment with anticoagulants should be promptly considered in patients with an impaired mechanical function of the heart or atrial fibrillation (AF) [3, 4] .
In current clinical practice, stroke patients are monitored by electrocardiography (ECG) for the presence of AF. Transthoracic echocardiography (TTE) or transesophageal echocardiography may be necessary in individual patients to check for the presence of intracardiac thrombus. Excluding thrombus in the left atrial appendage (LAA), with a complex anatomy, is particularly difficult on TTE [5] . The detection of intracardiac thrombus may be improved by visualizing the heart at the first presentation of stroke patients. It has been suggested to perform cardiac CT angiography (CTA) instead of echocardiography in addition to stroke imaging protocols [6, 7] . Dual-energy CT (DECT) can detect intracardiac thrombus and is considered better than conventional CT because of its superior tissue contrast. This improves the differentiation between thrombus, the myocardial wall, and areas with little contrast material such as the LAA [8] .
In the University Medical Center Utrecht, the Netherlands, non-ECG-gated DECT angiography that covers the base of the heart up to the crown of the head is routinely performed in patients with an acute stroke. To show the potential importance of this new technique in the acute stroke setting, we describe a patient with 2 intracardiac thrombi who had a recurrent ischemic stroke within 1 day after admission.
Case Description
A 76-year-old male was transferred to the emergency department after he had been found sitting in the garden with impaired speech and weakness of his left extremities. The patient was last seen well almost 4 h before his friends found him. Relevant past medical history included ischemic cardiomyopathy (left ventricular ejection fraction 30%), AF, pacemaker implantation, and chronic obstructive pulmonary disease. Medication included acenocoumarol, digoxin, antihypertensive medication, and a statin. Neurological examination showed dysarthria, left-sided hemianopia, left-sided facial palsy, and paralysis of the left extremities. ECG showed AF with a ventricular paced rhythm. The international normalized ratio was 1.4. A non-contrast head CT (IQon Spectral CT; Philips Healthcare, Cleveland, OH, USA) showed a hyperdense vessel sign of the right middle cerebral artery (MCA) and early signs of ischemic stroke (Fig. 1a) . CTA, from head to heart, and CT perfusion showed an occlusion of the proximal right MCA with a large perfusion deficit in the MCA flow territory (Fig. 1b, c) . Two intracardiac thrombi were visible on CTA, 1 in the left ventricle and 1 in the LAA (Fig. 2a-c) . The visibility of the left ventricular thrombus was improved by using the iodine setting and low keV monoenergetic reconstructions of the DECT angiography. Atherosclerotic plaques were found in both internal carotid arteries, but there was no significant stenosis. The patient received intravenous rt-PA followed by endovascular treatment. Successful recanalization of the MCA was achieved at first pass using a penumbra suction system 1 h after presentation to the emergency room.
A few hours after endovascular treatment, consciousness of the patient deteriorated, and he developed respiratory failure. A repeated non-contrast head CT excluded cerebral hemorrhage, and thoracic CT excluded pneumonia or pneumothorax. TTE was inconclusive due to limited acoustic windows caused by chronic obstructive pulmonary disease.
One day later, at wake up in the following morning, the neurological examination showed a quadriplegia. A repeated stroke protocol CT showed a new hypodensity and perfusion deficit in the left hemisphere (Fig. 1d-f) . On DECT angiography, the thrombus in the left ventricle of the heart was clearly reduced in size. The thrombus in the LAA was unaltered in size compared to admission DECT angiography (Fig. 2c-d) . No arterial occlusion could be found on DECT angiography. No therapeutic options remained, and the patient died the same day. Autopsy was not permitted.
Discussion
This case report describes an acute ischemic stroke patient with an MCA occlusion and 2 intracardiac thrombi as possible culprits on DECT angiography, 1 in the left ventricle and 1 in the LAA. Repeated imaging after early recurrence of ischemic stroke demonstrated a diminished left ventricular thrombus. The culprit was thereby identified.
Evidence on the presence of an intracardiac thrombus and the risk of recurrent ischemic stroke is scarce. Only 1 study investigated the relation between the presence of intracardiac thrombus and stroke recurrence prospectively, but no association was found [9] . However, the number of outcome events was low, the study was performed in a selected population, and the follow-up duration was limited.
In our case, a bilateral hemispheric stroke without significant carotid artery disease or dissection makes a cardioembolic source of the occlusion likely. The left ventricular thrombus was probably caused by myocardial wall motion abnormalities after previous myocardial infarction resulting in local blood stasis. The LAA thrombus was probably caused by blood stasis during the presence of AF. To detect an intracardiac thrombus, ECG-triggered cardiac CTA has been shown to be of comparable diagnostic value when compared to transesophageal echocardiography [7, 10] . However, the specificity of ECG-triggered cardiac CTA for detecting thrombus in the LAA is limited, because hypoattenuation in the LAA may reflect a slow blood flow in that area, which mimics the presence of thrombus. Slow-flow artifacts in areas such as the LAA can be avoided by giving a prebolus of contrast. In our stroke workup, the first bolus of contrast for the CT perfusion provided this precontrast. The accuracy of differentiating intracardiac thrombus from blood stasis can further be raised by using DECT angiography with split energy layers instead of conventional CTA [11] . In our case, the thrombi were best visible on the 40 keV images compared to the 120 kV images, and showed no iodine uptake on the iodine map, demonstrating the value of DECT with dual-layer detector.
DECT is a technique that gathers additional information through analysis of both highand low-energy levels. This specific CT application has gained interest in the last decade, as it may improve the detection and differentiation of tissue types throughout the body [12, 13] . There are several methods of acquiring dual-energy data as well as depicting the iodine content in maps. Currently, 3 different CT types with dual-energy data can be used in the clinic: (1) dual-source DECT that has two X-ray tubes at different kV settings projecting on the corresponding 2 detectors, (2) single-source DECT projects that can rapidly switch between 2 kV settings on 1 detector, and (3) dual-layer detector CT that has 1 source and a single double-layered detector, which enables differentiation between high-and low-energy levels. The advantage of DECT with dual-layer detector, which was used in our institution, is that the dualenergy information is always available and not only in predefined specific protocols as is the case in the other methods.
With the high speed of current CT scanners, cardiac CT can be implemented into the acute stroke imaging protocol without delaying the acute stroke workup [6] . However, there may be exposure to an additional low dose of radiation when a separate ECG-triggered cardiac CTA is added to the stroke imaging protocol. DECT using the dual-layer detector method can keep the radiation dose stable as the low kV data can be used to improve the contrast image quality and enable cardiac thrombus detection without ECG triggering. We think that the diagnostic yield of cardiac CTA and the clinical relevance outweighs the possible additional low dose of radiation for the patient.
Conclusion
This case emphasizes the potential benefit of (1) cardiac evaluation through CTA in the acute stroke setting and (2) the use of DECT angiography for the detection of thrombus and for differentiating between thrombus, the myocardial wall, and a slow flow of contrast. Larger studies should demonstrate whether the implementation of cardiac DECT angiography into acute stroke imaging protocols is beneficial.
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